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Abstract

This paper presents the results of a nationwide research needs assessment of the important wildlife–human con1ict issues and associated
research needs of the USDA=APHIS-Wildlife Services (WS) program and its stakeholders. Thirty-six WS State Directors, 23 WS=National
Wildlife Research Center (NWRC) scientists and 6 members of the National Wildlife Services Advisory Committee (NWSAC) to the US
Secretary of Agriculture responded to a request for participation. This paper compares these current research needs with previous regional
and national research needs assessments for wildlife damage management in the United States. Important national problems identi:ed
included issues related to aviation, timber, agriculture, aquaculture, and livestock industries, as well as wildlife-borne diseases, invasive
species, and overabundant wildlife populations. This assessment provides useful input, along with legislative and administrative guidance,
to NWRC for allocating resources to speci:c research projects that address the WS program’s needs for knowledge and new methods.
Published by Elsevier Science Ltd.
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1. Introduction

Wildlife is highly valued as a resource by society, but
increasingly, wildlife and society are coming into con1ict.
Anything that wildlife does to cause human injuries or ill-
ness, loss of economic productivity, physical danger, or a
reduction in quality of life or well-being is considered to
be wildlife damage (Conover, 2001). In recent years, the
adverse economic impacts of wildlife to society have been
dramatically documented. Wywialowski (1994) reported
that, of 13,000 respondents to a survey of 20,000 agriculture
producers, over 55% had experienced wildlife damage col-
lectively valued at $461 million in 1989. In the 1990s,
US agricultural producers and metropolitan households
spent $2:5 billion (Conover, 1998) and $5:5 billion
(Conover, 1997), respectively, to manage wildlife related
problems. Messmer (2000) cited many speci:c studies
that documented the economic losses and adverse impacts
caused by wildlife to livestock, timber, agricultural crops,
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fruit, nuts, vegetables, human health and safety, vehicles
and aircraft, wildlife bites and disease transmissions, and
discussed the emerging con1icts and challenges of human–
wildlife con1ict resolution. Conover et al. (1995) had previ-
ously developed estimates of the economic and social costs
of many of these problems. Fall and Jackson (2000) con-
tended that, while the number of species and con1ict situa-
tions are growing, the constraints placed on managers also
are on the increase, resulting in fewer options being avail-
able to resolve and manage these problems. The heightened
awareness and importance of this issue has been exempli-
:ed by the establishment in 1994 of a ‘Wildlife Damage
Working Group’ within The Wildlife Society (currently the
largest of any TWS working group), and by recent volumes
of the Wildlife Society Bulletin being devoted to speci:c
human–wildlife con1ict issues, including deer overabun-
dance [1997, Vol. 25(2)], the role of hunting and trapping
in harvest management [2000, Vol. 28(4)] and the impacts
of predators on avian species [2001, Vol. 29(1)]. Wildlife–
human con1ict issues have existed for many years, clearly
are increasing, and will be around for many years to come.
This situation is the result of :ve major trends that can be
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expected to continue through the coming years: (a) increas-
ing suburban development; (b) adaptable and over abundant
wildlife species; (c) a shift in public attitudes towards the
welfare of animals; (d) increasing media interest in wildlife
issues; and (e) advances in wildlife science and technology
(USDA, 1998). As a result, the need for e0ective, environ-
mentally safe, science-based wildlife damage management
methods and strategies is critical.

Fall and Jackson (1998), Curnow (2001) and Conover
(2001) provide insights and discussions into the history of
wildlife damage management and the trends, changes and
progress that have occurred in the :eld of wildlife damage
management and methods development research. Several
state agencies, universities, and private organizations have
been or are involved in some way in research at local,
regional, national, and international levels to de:ne, under-
stand, and resolve wildlife–human con1icts. The enabling
acts, legislative mandates and mission statements of these
entities often de:ne their speci:c research directions. Direct
US government involvement in wildlife damage manage-
ment began in 1885 with the creation of the USDA Section
of Economic Ornithology. The US Department of Agricul-
ture’s (USDA) enabling legislation for this program, the
Animal Damage Control Act of 1931, authorized USDA
to conduct activities to control injurious animals, but also
placed considerable emphasis on research programs to de-
velop new control methods at government laboratories (Fall
and Jackson, 1998). With this legislation, the USDA=Animal
and Plant Health Inspection Service (APHIS)=Wildlife
Services (WS) program has direction to “provide fed-
eral leadership in managing problems caused by wildlife”
(USDA, 1998).

1.1. Wildlife Services operations

The WS operational program is comprised of about 1200
employees, located or working in every state throughout
the nation. Overall program direction is provided by a WS
Deputy Administrator in Washington, DC, Regional Direc-
tors for the eastern and western US, and 38 State Direc-
tors. Several State Directors have multi-state authority and
these individuals supervise federal and state :eld personnel
and wildlife specialists. The WS operational program works
with other federal and state agencies, as well as county and
municipal governments, to assist private homeowners, farm-
ers, ranchers and others to manage wildlife damage con-
cerns. These concerns are diverse and a survey of these
State Directors to determine their perceptions of research
needs can be considered re1ective of the pressing wildlife–
human con1ict issues within their states and or regions. One
important function of the periodic WS research needs as-
sessment (RNA) is to identify and prioritize these concerns
so that scienti:c information and new or improved meth-
ods can be developed to address the most pressing wildlife
issues.

1.2. Wildlife Services research

National Wildlife Research Center (NWRC), which is
dedicated to :nding solutions to wildlife damage issues,
functions as the research arm of the USDA WS program.
Curnow (1996) has summarized the history of the Cen-
ter within the USDA and the US Department of Interior
(USDI). The NWRC mission is focused exclusively on
research and methods development for wildlife damage
management, with a special emphasis on methods for use by
WS operational personnel. At NWRC headquarters in Fort
Collins, Colorado, and at :eld stations in nine states, NWRC
has a sta0 of about 150 employees with expertise in wildlife
biology and a wide diversity of other specialized disciplines.
NWRC research focuses on developing socially acceptable
and economically feasible methods for reducing wildlife
damage impacts on agriculture, human health and safety and
threatened and endangered species, while minimizing risks
for humans, wildlife, and the environment (USDA, 1999).
The NWRC is expected by Congress, the WS program and
its stakeholders, and the general public to address many his-
torical and traditional issues, as well as an increasing num-
ber of new, emerging and diverse wildlife damage con1ict
situations. This paper describes one process, the RNA that
the WS program has used since its 1985 transfer into USDA
to identify, prioritize, and commit funds to implement an
integrated, multidisciplinary research program to provide
scienti:c information and solutions for wildlife damage
problems.

2. Research needs assessment

2.1. Background

After its 1985 transfer from USDI=Fish and Wildlife Ser-
vice into APHIS, WS initiated an extensive strategic and fu-
ture planning e0ort in a number of important areas (Acord et
al., 1994). One such area related to methods development.
In 1989, APHIS, in a strategy to align WS program research
with WS operations and stakeholder needs, initiated a pol-
icy by which the local, regional and national research needs
of the WS program would be identi:ed. A national RNA
survey of WS State Directors identi:ed a matrix of speci:c
problem species groups and the speci:cally a0ected resource
groups (Packham and Connolly, 1992). In 1989, a decision
also was made to conduct these national assessments about
every 5 yr. Additional WS program–wide RNAs were com-
pleted in 1996 (Bruggers et al., 1996) and 2001 (Bruggers
et al., 2001). This paper reports the 2001 RNA, provides a
prioritization of those considered most important by the WS
program, and compares current results with previous assess-
ments in the United States.

Although the WS program has a process to identify and
prioritize important research, NWRC does not have com-
plete discretion as to which areas of wildlife–human con1ict
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research it addresses. Much of the Center’s research (and
even the location of its :eld stations) can be and has been
mandated by Congress. As examples, Congress has directed
NWRC to conduct research on bird damage to aquaculture
and sun1owers, rodent damage to agriculture in Hawaii,
and even to develop a speci:c chemical as a waterfowl
reproduction inhibitor. Other Congressional directives have
resulted in the establishment of NWRC :eld stations and
research programs in Mississippi, North Dakota, Hawaii,
and Pennsylvania to address wildlife damage needs.
Congress has also directed that at least 50% of the Cen-
ter’s research e0ort should be devoted to development of
non-lethal management methods.

In 1996, NWRC implemented a multiyear, multidisci-
plinary project management system to speci:cally address
areas of high priority research as identi:ed in the 1996 RNA.
These projects are of 3–5 yrs in duration, have clearly stated
goals and objectives, identify projected milestones and ex-
pected outputs, and require mid-term and :nal project re-
views, as well as annual progress updates. Project planning,
implementation, and reviews routinely include input from
WS operations personnel, outside scientists and stakehold-
ers. The NWRC program uses the RNA not only to achieve
speci:c research objectives within broader administrative
directives but also to develop new research projects to ad-
dress important, emerging wildlife–human con1ict issues.
For example, as existing, center projects are completed,
new projects that address di0erent aspects of some of the
same issues, or entirely new areas of research, are devel-
oped to address research needs identi:ed in the most recent
assessment.

3. The 2001 RNA and prioritization process

In February 2001, WS program administrators requested
State Directors and NWRC scientists to identify their
most important research needs based on problem species
and a0ected resources, magnitude of the problem, and
importance of research. In addition, members of the Na-
tional Wildlife Services Advisery Committe (NWSAC),
an independent, Federal advisory committee, composed
of representatives of organizations such as livestock and
agricultural producers, universities, animal interest groups,
state agencies, and private pest control companies—all or-
ganizations that have an interest in USDA wildlife damage
management issues—were asked to respond to the same
request. The NWRC received 188 submissions from 26
WS State Directors representing 36 eastern and western
states, 23 NWRC scientists, and 6 NWSAC members.
After each of the 188 submissions was rewritten into a
standard format and duplicate submissions were removed,
103 needs emerged. These diverse needs were then cat-
egorized by research related to wildlife species groups,
a0ected resource, threatened and endangered species, wild-
life disease, wildlife population-models=census=economics,

chemical products=registration, and documentation=inform-
ation (Table 1). This extensive list of speci:c research
needs was further prioritized into a shorter list of high
priority areas, using the following criteria: state, regional,
or national importance; perceived value and=or magnitude
of the resources impacted, damaged, or lost; perceived im-
portance to stakeholders; current availability of existing
information, methods, and=or solutions that simply need
re:nement versus the need for new information, methods,
and=or solutions; need for immediate versus future infor-
mation, methods, and=or solutions; and the extent of past
research e0orts versus the need for new research directions.

4. Results and discussion

Table 2 presents a compilation of the 13 highest priority
research areas identi:ed for the WS program (Bruggers et
al., 2001). Most of these priority research areas also identify
the speci:c resources a0ected, possible research approaches,
and important information methods and even products de-
sired. In general, the 2001 research needs centered on issues
related to: (a) bird damage to agriculture and aquaculture;
(b) waterfowl, goose, and vulture impacts in urban=suburban
situations; (c) wildlife problems at airports; (d) predator
impacts on livestock, other wildlife, and human health and
safety; (e) mammal damage to forest, riparian, and agricul-
ture resources; (f) wildlife disease transmission; (g) invasive
species; and (h) census methods for management of over-
abundant species. Woven through these issues were recom-
mendations to study the economics of damage by a variety
of species, to develop and register non-lethal chemical prod-
ucts, and to improve information dissemination. The impor-
tance of wildlife damage management information transfer
within the WS program was documented recently by John-
ston et al. (1999) and was further stressed in the results of
this assessment.

A few clari:cations to the list in Table 2 are needed.
First, only proposed NWRC research to be funded by direct
legislative appropriation to APHIS=WS has been included.
Therefore, research to control Brown Treesnakes on Guam,
for example, which NWRC conducts with external funds,
is not listed. Second, the WS program, and as a result the
NWRC research, is not routinely involved in a number of ur-
ban wildlife damage issues, for example commensal rodent
control, as they are left to pest control operations. Third,
considerable product development research is identi:ed as
required to address the diverse bird and mammal damage
problems. Such products include contraceptives, sterilants,
and vaccines; non-lethal repellents such a methyl anthrani-
late; the avian toxicant, DRC-1339 (3-chloro-p-toluidine
hydrochloride); toxicant ejector registrations for use in pro-
tecting natural resources; alternative rodenticides and odor
and taste attractants; and live capture devices, remote trap
monitors, and trap pan tension devices. Development of
such products and techniques are and have been expected
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Table 1
Summary of 103 research needs identi:ed by Wildlife Services Eastern and Western Region State Directors, National Wildlife Research Center scientists,
and the National Wildlife Services Advisory Committee in 2001 Wildlife Services research needs assessment

Bird research
Aquaculture

Determine the populations and impacts of double-crested cormorants and pelicans on sport :sh and other natural resources.
Implement a strategy for controlling double-crested cormorant populations on breeding grounds to minimize damage to the aquaculture industry.
Clarify the local movements of American White Pelicans in and around aquaculture facilities as related to their possible transmission of
cat:sh diseases.
Determine the economic impact and investigate methods to protect freshwater and marine aquaculture from :sh-eating birds.
Develop methods to test behavior-contingent disruptive stimulus devices on birds, primarily in aquaculture or crop depredation situations.

Aviation
Continue to work on solutions to bird and other wildlife problems at airports.
Continue investigating and developing non-lethal methods (e.g., habitat management techniques and recommendations) to reduce wildlife
hazards at airports nationwide.
Maintain and expand the National Wildlife Strike Database (NWSD).
Evaluate desert environments as they pertain to wildlife-aviation strike hazards.

Blackbirds=corvids (crows and ravens)
Develop new=improve existing methods (e.g., repellents, toxicants, Avitrol, pyrotechnics, harassment, barriers, reproductive inhibition) to
mitigate the impact of blackbird, crow, and starling damage to sun1owers, sprouting and ripening rice and corn, other small grain crops, and
fruit crops.
Develop methods to estimate the mortality of blackbirds during operational use of chemical control methods.
Better understand the roosting preferences and behaviors of urban crows and investigate and develop aversive methods to manage
urban=suburban bird roosts involving crows, starlings, grackles, pigeons, cowbirds and blackbirds.
Develop repellents for ravens and crows.

Waterfowl=gulls=terns
Evaluate the e0ectiveness of existing and new tools (e.g., lasers, collies, and habitat management) for waterfowl (i.e., geese and ducks) and
develop other more eQcient, long-lasting methods to address issues associated with human health and safety, agriculture, urban property
(landscapes, rooftops and land:lls), and natural resources (shoreline erosion from overgrazing).
Determine the severity of and develop methods to reduce the impacts to winter wheat and other crops by grazing waterfowl, especially Canada
geese.
Evaluate the e0ectiveness of relocating urban=suburban Canada geese and determine their survival and return rate.
Develop and evaluate methods to manage gull and tern populations causing problems to endangered salmon species at hydroelectric structures.

Other birds=situations
Evaluate repellents for parrots and cardinals in seed corn on Hawaii=Paci:c Islands.
Develop methods to manage damage by birds to vineyards.
Develop tools to manage woodpecker damage to structures, utility poles, and citrus, and raven damage to citrus.
Develop methods (e.g., lasers and infrared technologies) to reduce eagle predation on livestock.
Continue to develop methods to disperse black and turkey vulture roosts and manage their damage to livestock, property, communication
towers, homes, and water craft.
Develop a decision model as a tool to decide if depopulating vulture roosts is economically feasible.
Increase activities related to the protection of neotropical songbirds from competition with blackbirds and other overabundant and nuisance
wild and feral domestic animals.
Conduct applied research that investigates the important factors in1uencing aversions (e.g., 1avors and social facilitation) on birds.
Evaluate the impact on birds of chemicals used for insect control.

Mammal research
Aquatic mammals

Evaluate beaver populations and develop existing (e.g., repellents, barriers) and alternative (e.g., relocation) management practices to reduce
their damage to timber, crops, roadways, railroads, housing developments nationwide.
Determine the role of beaver populations in salmon ecology and develop management methods.
Conduct research to identify, evaluate, and improve the methods, materials and devices needed to reduce and monitor nutria and muskrat
damage to marsh ecosystems and agriculture, including developing ecologically sound and cost-e0ective integrated management strategies.

Forest resources
Continue to develop alternative methods and strategies to protect timber and forest resources from wildlife damage nationwide.
Determine whether bear damage to timber is a learned behavior or an evolutionary trait.
Improve technology used in non-lethal wildlife relocation e0orts (e.g., bears) related to method of capture and transport, distance, time-of-day,
habitat, and territorial insertion.
Develop e0ective, environmentally safe toxicants and delivery systems for forest mammal damage management.

Predators (livestock)
Develop predator management programs that include state-of-the-art technology and cutting edge science.
Assess strategies and programs and develop methods to manage coyote predation on livestock.
Evaluate sheep losses to coyotes in areas with and without operational control.
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Table 1 (continued)

Develop both non-lethal and lethal tools to selectively target and remove speci:c predators whose territories overlap sheep pastures in an
economic, eQcient, and humane manner.
Develop lethal or non-lethal control methods that are e0ective against territorial, dominant coyotes (alphas) who have previously been exposed
to control.
Continue to develop alternative predator capture devices, with a focus on decreasing injury rates.
Develop new, e0ective, non-lethal capture techniques and management strategies for predators (e.g., coyotes, wolves, fox, bear and mountain
lions).
Re-evaluate the capture eQciency and non-target impacts of the foothold traps and snares currently being used to capture coyotes, foxes, and
raccoons.
Develop new technologies to address 24 h trap check requirements.
Develop live traps for larger mammals such as coyotes, lions, and bobcats.
Develop techniques for remote triggering of coyote calling devices.
Develop new predator management tools to replace traps and toxicants on public lands.
Evaluate damage management methods for established wolf populations.
Determine the population dynamics of expanding cougar populations.

Rodents
Continue development of tools and techniques for use in integrated pest management strategies for ground squirrels, prairie dogs, pocket
gophers, voles, and deer mice.
Develop toxicants, chemical and physical repellents to prevent gnawing, contamination, structural damage, and crop=food loss damage by
rodents.
Develop and re:ne ecologically sound and cost-e0ective techniques for rodent control in agriculture and native ecosystems in Hawaii and
islands in the Paci:c, Indian, and Caribbean Oceans.

Other mammals=situations
Conduct applied research that investigates plant–herbivore interactions, that is the natural defenses of plants to wildlife.
Develop non-lethal methods to reduce ungulate deer and elk damage in agricultural and urban landscapes.
Conduct research to determine the population, range, density of the nine-banded armadillo in Florida, quantify their ecological and economic
impacts and identify, evaluate, and improve methods to reduce its damage to ecosystems and agriculture.
Conduct research to determine the population size, range, density of wild pigs throughout their range in the US, quantify their
ecological=economic impacts, evaluate, and improve the methods to reduce and monitor pig damage to ecosystems and agriculture.

Threatened and endangered species
Develop methods to detect and manage the impact of mammalian predators on T& E wildlife species, speci:cally red fox predation on rails
and terns, and rat, feral cat and island fox predation on shrikes.
Examine the growing con1ict and develop basic and applied strategies to reduce mammalian predation on threatened and endangered species.
Develop new, e0ective and eQcient methods and assess management strategies to reduce risks that predators (e.g., coyotes, wolves) pose to
threatened and endangered species.
Determine the indirect bene:ts to pronghorn fawn survival rates of predator management programs.
Evaluate all impacts, including the incidental or coordinated bene:cial impacts on native prey, from the use of integrated wildlife damage
management techniques.

Invasive species
Begin to document the extent of invasive vertebrate species nationwide, beginning within each state, and initiate research into invasive species
management in the US.
Develop options for managing invasive and exotic species problems in the US.
Develop and re:ne control techniques for the Brown Treesnakes on Guam, including e0ective aerial bait delivery systems and arti:cial
attractants.
Evaluate the eQciency of canines to detect Brown Treesnakes under the current passive detection protocol on Guam.
Develop methods to monitor and control introduced vertebrate species that have impacted Hawaiian agriculture and natural resources, including
tree frogs, parrots, axis deer and small predators.
Develop crab=pig resistant bait stations for anticoagulant use on rats and mongoose in island environments.

Chemical products and registration
Continue to assure use and improvement of existing tools and chemical products.
Develop an alternative chemical and delivery system to the M-44.
Evaluate registration of M-44 for protection of natural resources (mammalian and avian).
Develop odor and taste attractants to improve rodenticide, avicide, and contraceptive baiting eQcacy, safety and selectivity toward target
species.
Evaluate registration of DRC-1339 for use in protecting bee boards from corvids (magpies, crows, ravens).
Develop a replacement avicide for DRC-1339.
Determine the adsorption, distribution, metabolism, and excretion of alpha chloralose in target pest bird species related to the 30 day
FDA-imposed hunting moratorium on its use.
Conduct research to develop more bird repellent and toxicant registrations.
Develop e0ective microencapsulation techniques for rodenticides.
Develop a more e0ective tranquilizer trap device for expanded widespread use to include wolves and feral dogs.
Develop e0ective baits to live trap armadillos in urban areas.
Develop an improved bait for use in removing starlings and blackbirds from feedlots, dairies, and staging areas.
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Table 1 (continued)

Identify and evaluate alternative products, such as repellents, attractants, and=or animal drugs for possible registration with EPA and FDA.
Develop new ways to formulate and deliver products more eQciently for use by wildlife damage managers.
Develop a non-toxic, cost-e0ective blackbird repellent for protecting rice crops.
Explore and develop genetic plant and prey species alteration as a means of reducing the attractiveness of crop and livestock resources to
problem wildlife.
Register ROZOL grain-bait for prairie dog control.

Wildlife disease
Evaluate the signi:cance of and develop methods to reduce the risk of disease transmission by crows, starlings, geese, and other avian wildlife
to humans and livestock.
Determine the impact of and develop methods to reduce human health and safety impacts caused by waterfowl, especially Canada geese, in
urban=suburban areas.
Increase research on reproductive inhibitors and oral vaccines for wildlife disease control.
Evaluate the relevant aspects of demography, behavior, and movements of raccoons as they relate to oral rabies vaccination programs.
Develop methods to manage the impact of rabies and other diseases transmissible from wildlife to humans.
Obtain information on gray fox home range and population dynamics to develop improved oral rabies vaccine baiting strategies.
Develop methods to survey and monitor emerging wildlife diseases that pose potential threats to human health and safety.

Wildlife population—models=census=economics
Continue research on impacts and eQcacy of predator control, including cost–bene:t analyses and intra-and inter-species impacts nationwide.
Continue to develop methods to census wildlife populations (e.g., coyotes, foxes, feral hogs, armadillos, and raccoons) related to increased
ability to implement and improve control programs to protect threatened and endangered species.
Develop a standardized survey to assess the distribution, magnitude, and characteristics of wildlife damage problems associated with
urban=suburban areas.
Develop methods to census and investigate populations of problem wildlife species (e.g., coyote, beaver, bear, mountain lions. blackbirds,
gulls, cormorants, and geese) related to management and NEPA requirements.
Develop methods to monitor pest wildlife populations related to economic impacts, management e0ectiveness, and environmental concerns.
Develop methods that the WS program can use to report the estimated “take” associated with di0erent damage control measures.
Develop quantitative and economic evaluations of current applied wildlife damage methods and tools (e.g., aerial hunting) under operational
circumstances.
Develop a better understanding of population dynamics and economic impact of the primary species to which WS directs its operational
programs.
Devise computer-based techniques to evaluate the costs bene:ts of preventative and corrective approaches, tools, and activities associated
with the species most frequently managed by WS and its stakeholders.
Develop bioenergetic models to estimate economic impacts of blackbirds and other overabundant and nuisance species relative to cost–bene:t
analyses, management programs, and environmental issues.
Improve the understanding of carnivore depredations through modeling and develop new and modi:ed management strategies.
Develop genetic markers for use in censuring populations and identifying individual animals for improved management of pest wildlife.
Conduct economic analyses of the (1) value of wildlife to non-consumptive users, (2) livestock losses versus control implementation by WS
operations, (3) impacts of lethal control on ecosystem health and integrity, and (4) aerial gunning program of WS operations.

Documentation=information
Index APHIS=WS=NWRC website to “hit” for searching by species (e.g. coyotes, gulls, etc.)
Assemble a product-speci:c database of commercial wildlife repellents, with relevant research citations, as an aid to wildlife managers
nationwide.
Conduct human dimension research to assess the impact of wildlife damage management programs on the public.
Evaluate public attitudes toward Wildlife Services and study the e0ects of the WS national education program on attitudes towards wildlife–
human con1icts.
Assess potential wildlife “growth” areas to determine the need and extent of emerging wildlife damage issues.
Document calf losses to natural causes versus coyote predation.
Document the bene:ts of predator control to enhance wildlife populations.
Communicate new research developments more e0ectively, by improving technical and educational outreach program and information transfer
between research and operations.

outputs of Center research, as evidenced by those non-lethal
techniques listed in Table 3. Fourth, a number of the pri-
ority research areas for the WS program expressed in this
2001 RNA are very similar to those identi:ed in earlier as-
sessments. Thus, the NWRC already has in place several
projects that will immediately address these assessment re-
sults. And :nally, the identi:ed documentation needs that
emerged from this survey will be addressed by the NWRC,

and by working with the WS program and APHIS Legisla-
tive and Public A0airs personnel, as opportunities arise.

4.1. Comparison of WS program and Advisory
Committee input

The research needs identi:ed by the WS program in
1989, 1996 and 2001 are relatively invariant. During each
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Table 2
Thirteen highest priority research issues determined from 103 speci:c identi:ed needs in the 2001 Research Needs Assessment conducted by the Animal
and Plant Health Inspection Services=Wildlife Services Program

Birds
Improve existing and investigate new methods to protect agricultural crops (for example: sun1ower, sprouting and ripening rice) from blackbird
damage.

More speci:cally, needs were identi:ed related to developing non-lethal techniques (for example: repellents, frightening devices, barrier, habitat
management, and reproductive inhibitors); improving lethal chemical tools (for example: improve baiting strategy and enhance acceptability
of DRC 1339-Starlicide); and developing methods to estimate mortality or “take” of blackbirds during operational use of these tools for
blackbird damage control in sun1owers and rice.

Conduct research on the impacts of :sh-eating birds (primarily double-crested cormorants and American white pelicans) to the aquaculture and
sport :sh industries.

More speci:cally, needs were identi:ed related to understanding cormorant depredation and impacts to sport :sheries (for example: crappie,
bass, and walleye), the craw:sh industry, and other natural resources (for example: roosting vegetation), and American white pelican impacts
on sport :sheries, their local movement patterns in commercial aquaculture areas relative to both damage and transmission of cat:sh diseases;
and developing new, non-lethal methods (for example: repellents, behavior contingent disruptive stimuli) to reduce their adverse impacts to
commercial and sport :shery production.

Investigate hazards, solutions, and strategies to resolve bird and other wildlife problems at airports.
More speci:cally, needs were identi:ed related to continuing investigations of non-lethal methods, speci:cally habitat management techniques,
and initiating new investigations of non-traditional ecosystems, such as desert environments, as they relate to wildlife-aviation strike hazards.

Investigate the roosting preference, behavior, and dispersal techniques for crows and ravens in urban=suburban environments.
Investigate and develop new and improve existing tools and strategies to resolve the impacts of geese, gulls, and terns in a variety of urban=suburban
situations.

More speci:cally, needs were identi:ed related to developing eQcient, long-lasting damage management techniques (for example: barriers,
harassment and hazing methods, contraceptives, Avitrol, egg removal, and repellents), and addressing issues related to geese and human
health and safety (for example: potential disease transmission), gulls and urban property damage (for example: using rooftops and land:lls),
and terns and natural resource impacts (for example: predating salmon smolt).

Conduct research into understanding the problems and developing methods (for example: harassment, taste repellents, toxicants) to reduce the
negative impact of black vultures and turkey vultures on livestock production and property (for example: homes, watercraft, and communication
towers).

Mammals
Develop methods to protect timber and forest resources from wildlife damage.

More speci:cally, needs were identi:ed related to evaluating existing and identifying new repellents and barriers, and assessing the economic
implications of various mitigation methods and strategies.

Conduct research to understand and resolve the impact of beavers on aquatic ecosystems.
More speci:cally, needs were identi:ed related to developing methods to census local beaver populations, describe and quantify their economic
impacts, and evaluating existing (for example: repellents, barriers, lures, and toxicants) and alternative (for example: relocation) management
practices to reduce their damage to forest, agriculture, urban=suburban, and riverine environments.

Evaluate and develop tools and techniques for use in integrated pest management strategies for rodents in both agricultural and native habitat
ecosystems.

More speci:cally, needs were identi:ed related to evaluating ecologically sound and economically feasible methods (for example: repellents,
barriers, toxicants, odor and taste attractants, micro-encapsulation methods) to reduce negative impacts of prairie dogs, rats, pocket gophers,
and ground squirrels.

Conduct behavioral and techniques development research for canids as related to developing e0ective predation damage management programs
for livestock in agricultural situations and for protecting human health and safety in urban=suburban situations.

More speci:cally, needs were identi:ed related to improving existing and developing new alternative tools, using state-of-the-art technologies
(for example: improved capture devices such as snares and lives traps, reproductive inhibition techniques, vaccines and associated delivery
systems, as well as selective attractants and repellents) for primarily coyotes, cougars, and bears in agricultural settings, and coyotes and fox
in urban=suburban settings.

Examine the growing and expanding negative impact of predators (for example: coyotes, foxes, wolves, and raccoons) on wildlife resources (for
example: deer and antelope), including, but not limited to threatened and endangered species (for example: sage grouse, turtles, terns, and rails).

More speci:cally, needs were identi:ed related to evaluating existing and developing new, e0ective predation damage management tools and
strategies for use in these expanding, predator–wildlife con1ict situations.

Wildlife diseases and population monitoring
Develop methods to survey and monitor emerging wildlife diseases and reduce the risks of the transmission of those that pose a threat to human
health and safety and livestock production.

More speci:cally, needs were identi:ed related to understanding the demography, movements and behavior of raccoons and foxes as related
to oral rabies vaccination programs, and deer and cattle as related to bovine tuberculosis transmission; and developing methods (for example:
barriers, reproductive inhibitors, and vaccines) to reduce the risk of disease transmission.

Develop methods to better monitor problem wildlife species populations as related to their economic impact, management e0ectiveness, and
environmental mandates (for example: NEPA requirements).

More speci:cally, needs were identi:ed related to improving and=or developing practical methods to census overabundant wildlife populations,
assess damage, determine “take” and quantify the e0ectiveness of management strategies (for example: non-lethal versus lethal methods),
with particular emphasis placed on those species most often addressed by the WS program (for example: coyotes, blackbirds, and beavers).
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Table 3
Selected recent and emerging new non-lethal methods researched and=or
developed by National Wildlife Research Center to help resolve wildlife
damage con1icts

Recent non-lethal methods:
Methyl anthranilate as a goose repellent
Tranquilizer trap device for coyote capture systems
Alpha-chloralose for waterfowl capture
Foothold snares for coyote capture
Breakaway snare locks for non-target animal release
Electronic monitor for predator capture systems
Guarding llamas for livestock protection
Improvements to leg-hold traps to reduce injuries
Cormorant roost harassment for cat:sh aquaculture protection
Lime repellent for geese on turf
Airport landscape management techniques for bird hazard reduction
Bird management on and near airports (gull colony management)
Herbicide for reducing blackbird roosting habitat near sun1ower :elds
Methiocarb aversive agent for raven predation of Least Tern eggs
Radar-activated bird hazing systems
Textural and taste repellents for tree=shrub protection from beaver
and deer
Silt fencing to reduce gull and tern nesting
Lasers as bird roost dispersal technique

Emerging non-lethal methods:
Brown Treesnake repellents
Reproduction control in territorial coyote for livestock protection
Immunocontraceptive vaccines for selected wildlife species
Predator activated aversion systems for livestock protection
Anthraquinone repellent for geese and blackbirds
Bird repellent protection of fruits, vegetables and grains
Timber management strategies for bear damage to Douglas :r trees
Improved predator live-capture systems
Physical barriers for pocket gopher damage management
Reproduction control in overabundant geese
Vulture eQgies to disperse vulture roosts
Genetic markers for identifying wildlife populations
Cell culture techniques to screen chemical repellents

assessment, wildlife damage to agriculture, aquaculture,
timber, livestock and aviation industries were identi:ed as
critical areas requiring research (Table 4), and blackbirds,
waterfowl, cormorants, gulls, canids, ungulates, beavers
and rodents were identi:ed as the principal wildlife species
groups impacting those resources (Table 5). However, as
Tables 4 and 5 also indicate, over the 13 yr since the 1989
RNA, several new wildlife damage areas of concern have
emerged while other areas have declined in priority. In
general, these areas of concern have involved avian rather
than mammalian species. For example, research needs re-
lated to fruits (berries), gardens and forage crops have been
replaced by research needs related to ecosystem health, wa-
ter quality, wildlife and rare species resources. Similarly,
research needs related to the impacts of passerine birds on
crops have been replaced by needs related to crows, ravens,
vultures and pelicans.

As in past assessments there were di0erences between WS
eastern and western states in their highest priority wildlife
damage problems (Tables 6 and 7). WS Eastern Region

Table 4
Principal resource groups prioritized by Wildlife Services as most a0ected
by wildlife in three Wildlife Services=Research Needs Assessments

Resource group 1989a 1996 2001

Grain X X X
Nuisance X
Livestock X X X
Structure X
Aircraft X X X
Fish (aquaculture) X X X
Forestry X X X
Fruit=berry X
Forage crop X
Truck=garden crop X

Water quality X X
Bait :sh=tropical :sh X
Sport :sheries X
Threatened=endangered species X
Wildlife X
Riverine ecosystem X X
Native ecosystem X

aThe 1989 list re1ects the national ranking of the top 10 principal
resource groups impacted by wildlife as identi:ed in Packham and
Connolly (1992). The remaining resource groups in the list were
identi:ed in subsequent RNAs.

Table 5
Principal species groupsa identi:ed by Wildlife Services during three
Research Needs Assessments

1989 1996 2001

Birds
Blackbirds=starling X X X
Waterfowl X X X
Wading birds=cormorant X X X
Gull X X X
Pigeon X
Woodpecker X
Crow=raven X X
Robin X
Sparrow=:nch X
Raptor X
Vulture X X
Sandhill crane X
American white pelican X

Mammals
Canid X X X
Ungulate X X X
Beaver X X X
Bear X
Skunk X
Raccoon X
Vole X X Xb

Prairie dog=ground squirrel X Xb

Marmot X
Mountain lion X X

aRe1ects the rank order of the 10 most important bird and mammal
species groups identi:ed in Packham and Connolly (1992).

bIdenti:ed as “rodents” in 2001 RNA.
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Table 6
Industry or resource group a0ected by wildlife as listed by Wildlife
Services State Directors and National Wildlife Research Center scientists
in the 2001 Wildlife Services=Research Needs Assessmenta

Industry=resource Eastern Western NWRC Total
region region

Aviation 2 3 3 8
Predators

Livestock 3 6 7 16
Wildlife 0 4 3 7

Threatened & endangered
species 0 2 7 9

Timberb 0 0 2 2
Aquaculture 4 0 1 5
Structures=propertyc 3 1 2 6
Agriculture 2 4 8 14

Rice 3 0 1 4
Sun1ower 0 1 1 2
Corn 1 1 1 3

Population modeling=census 1 1 3 5
Economics 1 2 4 7
Wildlife diseases 3 2 4 9
Invasive species 0 3 8 11
Damage assessments 0 0 2 2
Roost management 9 4 0 13
Urban settingsd 3 1 5 9
Aquatic mammalse 3 1 4 7

aNumbers refer to the frequency each industry=resource was specif-
ically mentioned by 59 total respondents that identi:ed 3–5 needs per
state.

bDoes not include beaver.
cUtility poles, homes, and water craft.
dDeer, armadillo, geese, and predators.
eBeaver, nutria, and muskrats.

priorities focused on research associated with :sh-eating
birds and aquaculture, blackbirds and agriculture, beavers in
agricultural and riverine habitats, as well as urban issues re-
lated to wildlife-borne diseases and bird roosts. In contrast,
WS Western Region priorities focused on predation on live-
stock and native wildlife, birds and aviation, blackbirds and
agriculture, ungulates and timber, and rodents and agricul-
ture, as well as issues related to urban bird roost manage-
ment and population monitoring of overabundant wildlife
species. Priority research identi:ed by NWRC scientists en-
compassed all priority issues identi:ed by WS operations.
Research needs identi:ed by the NWSAC also focused on
:nding methods (primarily non-lethal) to resolve bird prob-
lems in agricultural and in suburban settings and to resolving
a variety of mammal damage problems including beaver, nu-
tria, predators, feral pigs, wolves and armadillos (Table 8).

4.2. Comparison with other surveys

The issues identi:ed in this 2001 assessment in some ways
closely parallel those identi:ed in earlier published assess-
ments. Smith (1974) summarized the animal damage con-
trol research priorities of the Bureau of Sport Fisheries and
Wildlife (former administrative home of the WS program) as

Table 7
Speci:c highest priority areas of research important to the Wildlife Ser-
vices eastern and western wildlife managers and National Wildlife Re-
search Center scientists as identi:ed in the 2001 Wildlife Services=research
needs assessment

Eastern Western NWRC
region region

Birds
Cormorant and pelican impacts

on aquaculture X X
Vulture roosts, livestock predation,

and property damage X X
Crow roost impacts X X
Waterfowl impacts on agriculture,

property and human health and safety X X X
Geese and gull impacts on aviation

industry X X
Blackbird impact to agriculture X X

Mammals
Beaver population estimation and

management X X X
Predator impacts on livestock, native

wildlife, and T=E species X X
Ungulate impacts to timber and forest

resources X X
Rodent impacts to agriculture X X

Wildlife disease
Disease transmission risks and management

from wildlife to humans and livestock X

Population monitoring
Census methods for problem wildlife

species related to economic impact,
management e0ectiveness and environ-
mental mandates X X

Table 8
Priority areas of research important to Wildlife Services National Advisory
Committee as identi:ed in the 2001 Wildlife Services=Research Needs
Assessment

Birds
Raven repellents
Methods to manage crows and pigeons in urban areas
Methods to manage waterfowl (geese) related to human health and

safety in urban areas
Methods to mange bird (wildlife) problems at airports
Methods to manage bird problems to agriculture
Evaluation of the impact of agricultural pesticides on bird populations

Mammals
Methods to manage prairie dogs
Methods to manage predators
Methods to manage beaver
Cost-e0ective methods to manage nutria
Improved methods to manage feral pigs
Improved methods to manage armadillo
New methods to manage mammal predation on threatened and

endangered species
Management methods for re-established wolf populations
Management methods for diseases transmitted from wildlife to humans
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principally predators, birds, and small mammals and empha-
sized the determination of their impacts on livestock, agri-
cultural crops and the development of methodology to deter
damage. Smith believed there was little diQculty in setting
research priorities once a damage problem was identi:ed,
but that it was considerably more diQcult to determine the
relative distribution of resources for research on each of the
three vertebrate damage groups. Spencer (1983) surveyed
31 eastern state wildlife agencies to rank the importance of
the animal species about which damage complaints were re-
ceived. Deer, beaver, black bear, raccoon, alligator and coy-
otes were of high importance among these states based on
sta0 time devoted to problem resolution. Snakes, squirrels,
geese, feral dogs, muskrats, starlings and blackbirds, skunks
and opossums also occurred in the top problem listings by
some states. Spencer also indicated that gulls were emerg-
ing as a problem species in and around airports. A 1997
survey on top priority eastern wildlife species, damage is-
sues and research priorities included in a report by Regan
et al. (1998), showed the increasing importance of “new”
problems beyond traditional agricultural issues. These new
problems included wildlife issues related to turfgrass dam-
age, water quality e0ects, aircraft safety, endangered species,
aquaculture and sport :sheries, and vehicle collisions. In ad-
dition, human dimensions research on public attitudes about
nuisance wildlife and lethal control, customer expectations,
and marketing programs were cited in this survey as impor-
tant research priorities by eastern region respondents.

5. The need for new skills and interdisciplinary research

Curnow (2001) has recently stated, “: : :because of the
boundless propensity of mankind to develop, inhabit and
alter the landscape, wildlife managers of today and the fu-
ture require di0erent strategies, tools and skills than those
who did such a :ne job of conservation and management
in past decades”. Curnow (2001) also highlighted the evo-
lution of changing wildlife–human con1icts. He indicated
that research needs would focus on (a) urban=suburban areas
with a resultant critical need for management methods ac-
ceptable in urban settings; (b) zoonotic diseases vectored by
wildlife; (c) overabundant=eruptive wildlife populations; (d)
human health and safety; and (e) invasive species. He also
identi:ed a number of new skills needed by future wildlife
managers to e0ectively provide integrated, science-based
solutions to these new and diverse wildlife situations. The
requirement for new skills needed to address the changing
nature of wildlife–human con1ict resolution is evident in the
increasingly interdisciplinary expertise of NWRC research
sta0 over the past 20 yr. While NWRC still has a num-
ber of wildlife biologists, sta0 expertise extends to animal
behavior, analytical chemistry, engineering, molecular bi-
ology, reproductive physiology and immunology, psychol-
ogy, physiology, economics, statistics, veterinary medicine,
chemical vaccine development and registration, and infor-

mation transfer. As this 2001 RNA attests, wildlife–human
con1ict resolution, while still retaining some of its tradi-
tional focus, is acquiring many more complex issues and
developing many more unique methods to resolve them.
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